ABSTRACT A nontransformed and a spontaneously transformed clone of BALB/c 3T3 cells were compared for their capacity to multiply in decreased concentrations of Mg2e. Cells of the nontransformed clone were flat, formed regularly patterned, nonoverlapping arrays, required high serum concentration for multiplication, had a low saturation density, and did not make colonies in agar. Cells of the transformed clone were slender and spiky, formed random, overlapping arrays, multiplied in low serum concentrations, and had no fixed saturation density, and 20-30% of them formed colonies in agar. The When animal cells in culture are treated with growth stimulants such as insulin or serum, various reactions in the cells are accelerated (1). This group of cellular reactions has been designated "the coordinate response" (2, 3). Many of the early reactions of the coordinate, response are independent of one another and of macromolecular synthesis (1). The only intracellular substance that has the capacity, both theoretically and experimentally, to modulate the various reactions of the coordinate response is Mg2", and I have proposed that Mg2+ acts as a second messenger for these growth stimulants (2, 3). McKeehan and coworkers concurred in this conclusion and additionally proposed that cell transformation causes a selective loss ofthe regulatory role ofMg2+ (4, 5). Their conclusions were based on measurements of the size of colonies of normal and transformed cells formed in varying concentrations ofMg2+ and in other putative growth regulatory substances.
thymidine at a rapid rate. The transformed cells did so also and, in addition, reverted to their transformed appearance. The intracellular content of Mg2+ was not significantly decreased when the extracellular concentration was decreased to 1/50th. The results suggest that: (a) limited contact among cells already multiplying at a reduced rate is sufficient to halt further multiplication; (b) a very small decrease in intracellular Mg2+ content or in membrane-associated Mg2+ causes transformed cells to assume aspects of the appearance and behavior of nontransformed cells (i.e., Mg2+-regulated reactions may be involved in determining the transformed phenotype); and (c) cells multiplying at a slow rate in low concentrations'of 'Mg2+ begin to multiply faster after about 1 week, due. either to an adaptation of the cells or to a change in the cellular microenvironment.
When animal cells in culture are treated with growth stimulants such as insulin or serum, various reactions in the cells are accelerated (1) . This group of cellular reactions has been designated "the coordinate response" (2, 3) . Many of the early reactions of the coordinate, response are independent of one another and of macromolecular synthesis (1) . The only intracellular substance that has the capacity, both theoretically and experimentally, to modulate the various reactions of the coordinate response is Mg2", and I have proposed that Mg2+ acts as a second messenger for these growth stimulants (2, 3) . McKeehan and coworkers concurred in this conclusion and additionally proposed that cell transformation causes a selective loss ofthe regulatory role ofMg2+ (4, 5 seeding densities are given in the figure legends. The cells were seeded in MCDB 402 medium with 5% fetal calfserum. The following day the cells were washed twice with Tris-buffered saline and MCDB 402 medium with the appropriate cation concentrations plus 10% dialyzed fetal calf serum. -In all experiments involving variations in Mg2' concentration, the Ca2+ concentration of the medium was constant at 1.0 mM instead of the usual 1.6 mM of this medium. The medium was changed every 2-3 days beginning on day 3. In the experiments in which the rate of [3H]thymidine incorporation into DNA was studied, the medium was changed'18 hr before the labeling was done in order to allow a full response ofthe cells in the presence offresh medium components.
The rate of DNA synthesis was assessed by labeling for 1 hr with [3H]thymidine (20 Ci/mmol; 1 Ci = 3.7 x 10'0 becquerels) at 1 tkCi/ml in MCDB 402 containing the usual concentrations of all cations. The procedures for determining radioactivity by scintillation counting, labeled nuclei by autoradiography, and protein content by the Lowry procedure were as described (1) . The Mg2+ content of the medium and the cells was determined in a Perkin-Elmer model 403 atomic absorption spectrophotometer as described (7).
RESULTS
Response of Clones 2 and 14 to Variations in Mg2+ Concentration. The growth rates ofclones 2 and 14 in different concentrations of Mg2" varied with the number of passages after thawing of the frozen cells. At 2 1/2 months after thawing there was little difference between clones 2 and 14 in the initial degree of growth inhibition produced by lowering the Mg2+ concentration ( Fig. 3 ), but at 6 1/2 months, clone 2 was more severely inhibited, especially at the lowest concentration of Mg2+ (0.016 mM) used (Fig. 4) . The differential response to Mg2+ of the two clones varied with cell population density, serum concentration, and length of treatment; this will be reported elsewhere. The saturation density of clone 2 varied from 2 to 4 X 104 cells per cm2 and it decreased reproducibly with Mg2' concentration in proportion to the decrease in the initial rate of multiplication. Saturation was-reached at some low Mg2+ concentrations when only about one-half the surface area of the dish was covered, although most of the cells were in contact with other cells at this population density. At the lowest Mg2+ concentrations, there was loss of cells in clone 2 for a week, followed by a low rate of multiplication during the second week (Fig. 4) .
The cells of clone 14 did not reach a fixed saturation density in a physiological concentration of Mg2+ nor in decreases to 0.0275 mM (Figs. 3 and 4) . With 0.016 mM Mg2+, however, the growth curve of clone 14 began to flatten out at a population density twice as high as the saturation density ofclone 2 in physiological Mg2+ concentration and then seemed to reach saturation between 10 and 12 days but later underwent a further increase in cell number (Fig. 4) . When the concentration of Mg2+ was decreased to 0.0375 mM or less, not only was the multiplication rate of clone 14 detectably decreased but also there was a marked change in the appearance of the cells. Within a day after the Mg2+ concentration was decreased, the cells began to flatten out; within the following days, they assumed an appearance which resembled that of nontransformed cells in many respects except for the more common occurrence of vacuoles when the clone 14 3 and 4 could have been due to a difference in the inhibitory effect of population density on cells growing at different rates, but it also could have resulted from some fixed limit in the number of divisions the cells could undergo in low Mg2+. To distinguish between these possibilities, I compared the growth curves, in various Mg2+ concentrations, of clone 2 cells seeded at the same density as in the experiment of Fig.. 3 and at 1/10th this density. At all but the lowest concentration of Mg2+ used, the cells seeded at the lower density continued to multiply until they became almost as numerous as those seeded at the higher density in equivalent concentrations of Mg2+ (Fig. 5) . This indicated that population density was indeed the limiting factor in determining the maximum number of cells per culture at each Mg2+ concentration.
At the lowest concentration of Mg2+ used there was a delay of about 9 days before the sparsely seeded cells began to multiply, but then they did so at the maximal rate. This result plus the delayed multiplication seen in Fig. 4 at the lowest Mg2+ concentration with both nontransformed and transformed cells indicated that there was either an adaptation of the cells to low concentrations of Mg2+ or that the cellular microenvironment had changed to overcome the inhibition of Mg2+ deprivation.
Adaptation of Clones 2 and 14 to Low Concentrations of Mg2+. In the previous experiments, hints ofan adaptation to low Mg2+ arose from a delayed increase in the total number of cells 10 3 and declined only slowly after that (Fig. 7) . This difference from clone 2 was reflected in continued multiplication of these cells at a rapid rate until day 6 and even beyond. The clone 14 (Fig. 7) . Within a day after Mg2+ deprivation, the transformed cells underwent a striking change in appearance-from a slender or rounded to a flattened shape-and from a random, overlapping arrangement to a regular, nonoverlapping arrangement resembling that of normal cells. A similar "normalization" of growth behavior in low Mg2e may account for their reduced rate ofmultiplication upon crowding-i.e., they had become subject to at least a partial density-dependent inhibition of multiplication. The apparent normalization of transformed cells in low Mg2+ could support the thesis (4, 5) that transformation involves a selective loss of the regulatory role of Mg2e in multiplication.
Derivatives ofcyclic AMP are known to alter the morphologic phenotype of transformed cells in a manner similar to that described here (10, 11) , and these changes have been designated "reverse transformation" (10) . The effects of cyclic AMP on the multiplication oftransformed cells are different from those produced by limiting the concentration of Mg2+. In one case it was reported that the addition of cyclic AMP limits the number of cell generations regardless of the initial density (12) , and in another it was reported that growth on solid surfaces is unchanged by cyclic AMP (13 
